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[57] ABSTRACT 

A general object of the present invention is to provide 
a semiconductor device having a stress transducer in 
which a temperature dependency of sensitivity of the 
stress transducer which utilizes a piezo resistance effect 
to transduce stress into an electric signal, and variations 
in sensitivity of several semiconductor devices can be 
corrected. The semiconductor device includes a refer- 
ence voltage source which has a temperature depen- 
dency in accordance with a temperature characteristic 
of sensitivity of the stress transducer which has an elec- 
trical bridge circuit exhibiting a piezo resistance effect, 
and a voltage transducer having resistances and an op* 
erational amplifier. Voltage transduced by the voltage 
transducer is adjusted so as to correct variations in 
sensitivity of several semiconductor devices. 

22 Claims, 19 Drawing Sheets 
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FIG. 3(a) 
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FIG. 16 
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its one terminal grounded and the other terminal con- 

SEMICONDUCrOR DEVICE HAVING A STRESS nected to the non-inversion input terminal 14. 

TRANSDUCER DRIV EN BY A TEMPERATURE Next, an operation of the semiconductor device will 

COMPENSATING REFERENCE VOLTAGE be described. Assuming now that resistance values of 

SOURCE 5 ^ strain gauge resistances 2a, 26, 2c and 2d are R<&, 

_ Rcb> Rgo and Rcrf, potentials at the nodes 3a and 36 are 

BACKGROUND OF THE INVENTION ^ m6 ^ ^ at the nodes 3c and 3tf are 

1. Held of the Invention E& and Ea<*, E^ and E$b are expressed with the poten- 
The present invention relates to a semiconductor 1Q rials E^and E3</at the nodes 3c and 3d, as follows: 

device including a stress detector, and more particu- 
larly, it relates to means for improving a temperature Rcd ^ 
characteristic of the stress detector and means for cor- *3a = Rcd + R(k x (£3 e - Ez£ + Eid 
recting variations in sensitivity of several stress detec- 
tors in different semiconductor devices, both of which 15 _ R Gb (2) 
utilize a piezo resistance effect of semiconductor. Eu ~ Rcb + Rca X (£jc ~ ^ + E * d 

2. Description of the Prior Art 

A conventional semiconductor device having a stress With the output voltage Vspan of the stress detector 1, 

transducer will be explained with reference to FIGS. 18 the formulas (1) and (2) lead to the following formula: 

and 19. FIGS. 18(a) and 18(6) are a plan view and a side 20 

view showing a pressure sensor for as an exemplary ^ 
semiconductor device. As can be seen, the pressure f rq^ Ret \ 
sensor includes a substrate A for the pressure sensor, *W = E3a ~ E * b ^ \ Red + R& ~~ Ra> + R<sa) x 
peripheral circuit areas arl to ar4 formed on the sub- 
strate A, a diaphragm ar5 which is transformed by an 25 (Eu - E$d) 
external pressure to develop stress, strain gauge resis- 
tances SI to S4 which are formed in the diaphragm ar5 under the condition that no stress is applied to the strain 
and utilize a piezo resistance effect to transduce a varia- gauge resistances 2a, 2b, 2c and 2d of the stress detector 
tion in the stress of the diaphragm ar5 into a variation in 1 (generally, the stress to be detected is zero). For exam- 
resistance value. The pressure sensor has a bridge cir- 30 pie, stress P applied to a pressure sensor is zero (vac- 
cuit consisting of the strain gauge resistance SI to S4 so uum), the strain gauge resistances 2a, 2b, 2c and 2d are 
as to act as a pressure detector. Reference symbol P arranged so as to satisfy R<^=RG£=Rfr=RGrf=RGO 
designates pressure applied to the pressure sensor. as to the resistance values of the strain gauge resistances 

FIG. 19 is a circuit diagram showing a conventional 2a to 2d, the output voltage V is shown as follows: 

semiconductor device having a stress transducer which 35 
includes a stress detector 1 (e.g., a presure detector for 

a pressure sensor) which utilizes a piezo resistance ef- / ^ \ 

feet of semiconductor, and strain gauge resistances 2a, v v°n = . Rca ~ 2-Rqo ) x * £3c ~ E ^ ~ 0 

2b, 2c and 2d of which the stress detector 1 is com- 

prised. For example, strain gauge resistances SI to S4 ^ ^ % ^ ^ tQ ^ stress deteclor t 

shown in FIG. 18 are examples of the steain gauge resa- ( fc ^ ^ ^ 

tances 2a to 2d. Such stram cause resistances 2a to 2d e v , rr * »• * , I , , 

" u . ^"f JS^^r ^2fiJ-L« like), the stram gauge resistances 2a, 26, 2c and 2d have 
are ordinarily made by impurity diffusion. Reference , /' ^ . , ' , . 
symbol 3a is a node between the strain gauge resistances * eir respective resistance values varied because of a 
2c and 2a* while 3b is a node between the strain gauge 45 P iez0 "Stance effect Assuming that a variation 
resistances 2a and 2b, and voltage developed between amount is ARc an adequate arrangement of the stram 
the nodes 3a and 3b is in proportion to a stress to be &™& e resistances 2a, 2b, 2c and 2a* enables a polarity 
detected (e.g., a stress developed because of a transfer- (positive or negative) of ARg to be arbitrarily selected, 
mation of the diaphragm in accordance with a pressure 50 For example, the strain gauge resistances 2a, 2b, 2c and 
in the pressure sensor, and so forth). The semiconductor 2d are appropriately arranged with the strain gauge 
device having a stress transducer further includes an resistances 2a and 2o* positive in polarity and the strain 
operational amplifier 4 for amplifying output voltage gauge resistances 26 and 2c negative in polarity, the 
Vspan (differential voltage between the nodes 3a and 36) strain gauge resistances, when a certain pressure is ap- 
of the stress detector 1, resistances 5, 6, 7 and 8 for 55 plied thereto, assume their respective resistance values 
determining an amplification factor of the operational to Rod as in the following formula: 
amplifier 4, grounds 9 to which one of terminals of the 
resistance 8, etc. are grounded, an output terminal 10 of Rca^RGO+^Rc 
the operational amplifier 4, a power source 11 for sup- 
plying voltage Vcc which is used for activating the 60 Rci>=Rco-^Rc 
stress detector 1, a resistance 12 connected between the 
power source 11 and a node 3c, an operational amplifier Rgc=Rco-*Rq 
13 having its output terminal connected to a node 3a* of 
the stress detector 1, a non-inversion input terminal 14 



Rcd~RGO+*R G (5) 



of the operational amplifier 13, an inversion input termi- 65 — , , A , c , .« - , „* 

nal 15 ofthe operational amplifier 13, a resistance 16 ^****>*«t *e formula (5) for the formula (3), 
connected between the power source 11 and the non- the followuig formula u » ven: 
inversion input terminal 14, and- a resistance 17 having 
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oped at the output terminal 10 of the operational ampli- 
(6) tier 4 can be expressed as follows: . . 



*8 . ' *5 + R* ■' ' ■■■ ■' (10) 

.? x -rJS- x<&*- P) ^ - .;. 



/ ( rgo + ar g , Rao - ^g \^ ( j. 
v *™-\ 2 . Rao 2 - jrgo - 

= RoS*( E *- B ^ 

: As is obvious from the formula (6), the output voltage 

Vjawn of the stress detector 1 is in proportion to ARc in ™ t> t> * « » *t. r 11 r 1 • 

when (EW-E3,,) is constant because R^is constant. In 10 . If *** ^=R8. the foUowmg formula is 

other words, output voltage in proportion to the stress S* ven *, 
applied to the strain gauge resistances 2d, 2b, 2c and 2d 

isdeveloped. ' •_ JSLVf* _ *• ^ * 6 » - < n ) 

If AR G is constant, also the output voltage is in 15 r<n " _ *s x ^ 
proportion to (E3 C — E3<j). Thus, arbitrary sensitivity of 

the stress detector 1 can be chosen by varying (E^ In accor dance with the formula (1 1), the differential 

— E&/). . - voltage V S pan is single-ended by the operational atnpli- 

It is generally known that when the strain gauge fier 4 and so; forth„and the voltage Vj^ is further am- 

resistances 2a, 2b, 2c and 2d are formed by impurity; piified to (RVR5) times. 

■ diffusion in semiconductor, a resistance changing rate : .. As the output voltage of the stress detector is in 

(SRco/SF. (where d expresses partial differential)) in inverse proportion to the temperature T of the stress 

accordance with the stress F applied to the strain gauge detector 1 as expressed in the formula (9), it is necessary 

resistances 2a, 2b t : 2c and 2d is in proportion to a piezo t0 utilize peripheral circuits of the stress detector 1 to 

resistance coefficient. The piezo resistance coefficient . the. .inverse proportion characteristic: to the 

e^hibite a great tem^ it also. ■ temperature T so that an accuracy of the stress detector 

depends upon the land of the semiconductor where j ^ be enhanced. This is implemented by using the 

impmntyisdiffus^ resistance 12 and me operational amp^ 

stram ^uge resistence, and a conc^totton of^i^ Assuming t^t the rSistances U, 16 and 17 have 

impurity. Hence, fixing a manufacturing method and a rr^ 6 7^ , „ 0 ' " „ • ' ■ * i 

stricture of elements k contrast with the above, a tern- 30 W?** resistance values Ri* Ri 6 and^Rn, potential 

perature'characteristic of the piezo resistance coeffici- the;non-mversion input terminal 14 of Oie opera- 

eht becomes stable with a temperature coefficient of a tional amplifier 13 is given by the foUowmg formula: 
fixed value. Transforming the formula (6) with the 

piezo resistance coefficient, the following formula is „ Rn J „ n - (12) 

given: 35 £ " " R l6 + x„ *,^ + Q ; 

v^ty=*&r(T)X(E3& < d (7) this formula, Vecis a voltage between a potential of 

, the power source 11 and the ground; Thenj the poten- 

Inthefonnula(7),aisaproportionahtyconstant, Fis tial is given by the following formula: 
a stress, ?r(T) is a piezo resistance coefficient, and T is a 40 
temperature of the stress detector 1. 

Now, with the temperature coefficient a of the piezo & sc « £ H „ £lZ . x y a * 13) 

resistance coefficient, the following formula is given: * 16 + * 17 

^ .„ 45 Thus, current Ig flowing in the resistance 12 is given 

ir(7) = vq x (l - e- 7) as } . T by the following formula: 

Srjecffically, the piezo resistance; coefficient has a f v cc- _ ' ^16 0 4 > 

negative temperature coefficient, and as the tempera- G ** R\2 Rn Ri6 + Rn 
ture rises, the piezo resistance coefficient it becomes 50 

small. The formula (7) is transformed with the formula The current Ig flows in a bridge circuit, and there- 

(8) as follows: fore, there is a relation as expressed in the following 

• ■ . ■ formula:-' 
* . ".. m :.- (9). 

V^T)==a^FX 1+a . r X(^3c-£3f£) 55, ^3c-^3^GO"/G 05) 

As has been described, the output voltage V^* of the Substituting the formulas !(9), (14) and; (15) for the . 

stress detector 1 is in proportion to the stress F applied : formula (1 1); die following formula is given: . 

to the strain gauge. resistances 2a, 2b t 2c and 2d and the 

, voltage (E3C—E3J) applied to the stress detector 1, and 60 . . . iro (16) 

in inverse proportion to the temperature T of the stress v<mt = ~k~T x 0 ' F x TToTf" ^ Rco x ; 

detector 1. ■■■■•.*■•-. 

The output voltage of the sfress detector 1 is a • ^ y 

differential voltage, and for the purpose of singje- Rux(Ri6 + Rn) 

ending it for convenience in use; it is differentially, am- .65 / 

. piified by the operational amplifier 4. Assuming that The stress detector 1 has its specific proportional 

: resistance value of the resistances 5, 6, 7 and 8 are Rs, . constant a, and in order to coordinate its variations in 

: R& R7 arid Rs, : respectively, output voltage Vou/devel- constant of several stress detectors, in different semi- 
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coonductor devices, any of the R5, R& R12, Rieand Rn voltage input terminal, for transducing stress into an 
may be adjusted. Conventionally, however, the resis- electric signal by a drive voltage applied to the voltage 
tance Rn is generally adjusted. Rcoo is the resistance input terminal and a piezo resistance effect; a reference 
value RGoat the reference temperature while T is equal voltage source formed on the substrate for developing 
to a difference between an environmental temperature 5 reference voltage having a temperature coefficient 
and the reference temperature. For instance, Rgoo is which compensates a temperature coefficient of a sensi- 
the resistance value at 0' C. and T is an environmental ^vity of the stress transducer; and a voltage transducer 
temperature expressed in 0 C. connected between the voltage input terminal of the 

The strain gauge resistances 2a, 2b, 2c and 2d have a stress transducer and the reference voltage source, for 
positive temperature coefficient B because they are 10 rece iving and transducing the reference voltage to 
made by the impurity abrasion into semiconductor. , ^ tTZXSsd}iced voltage ^ ^ stress transducer as 

Thus, the resistance value Rao of the strain gauge resis- the drive voltage 

tances 2a to 2d is expressed as follows: Preferably, the substrate includes an element for de- 

Rco^Rcooxd+fi'D (I?) doping stress in accordance with the pressure applied 

15 from the outside, and the stress transducer includes a 
Substituting the formula (17) for the formula (16), the bridge circuit which is comprised of voltage dropping 
following is obtained: means formed on the element of the substrate and hav- 

ing a piezo resistance effect 
R6 Also preferably, the bridge circuit of the stress trans- 

few = x a -F.vo x | + f x Raw x 20 ducer is activated by the drive voltage, and the refer- 

ence voltage at the reference voltage source has a posi- 
R\6 y tive temperature coefficient 

*i2 x (J*t6 + Rn) Further preferably, the reference voltage source in- 

cludes a current source, and at least one constant volt- 
As will be recognized from the formula (18), if the age diode having a positive temperature coefficient, 
resistance 12 has no temperature dependency, and set- connected in series between first and second terminals 
ting impurity concentrations of the strain gauge resis- of the current source in a reverse direction, 
tances 2a, 2b, 2c and 2d so as to satisfy a=j8, the output Still further preferably, the reference voltage source 
voltage Vout no longer depends upon a temperature. includes at least one diode having a negative tempera- 
Even if the resistances 5, 6, 7 and 8 are also made by the ture coefficient, connected in series between first and 
impurity diffusion into semiconductor and have respec- second terminals of the current source in a forward 
tive temperature dependencies, they are cancelled by direction. 

one another if they are identical in temperature coeffici- Y et preferably, the reference voltage source includes 
ent Similarly, the resistances 16 and 17 can be cancelled a current SO urce; a first node connected to the first 
by each other if they are identical in temperature coeffi- w termmal of the current source; a second node connected 
cie 5 l * ... . to the second terminal of the current source; first, sec- 

Thus, choosing appropriate impurity concentrations ond and third voltage dropping means having their 
of the strain gauge resistances 2a, 2b, 2c and 2d, the respective terminals connected to the first node; a 
temperature coefficient fi of the resistance value Rooof ^ bipolar o^^oj having its first electrode con- 
the strain gauge resistances 2a to 2d is equal to fee « nect ed to a second teniunalofthe first voltage dropping 
temperature coefficient a of the piezo resistance coeffi- its ejectrode connected to the second 

cient 7T, and using the resistance 12 of a amdl tempera- ^ fa electrode connected to the first or 

toe coeffiaent and appropriately ^adjustog , the res*. d d ^ f d bi ^ 

Sincere conventional semiconductor device is con- m B lts ^terminal connected to a second electtode of 
figured as mentioned above, the temperature coefficient 50 the second bipolar transistor and its second termmal 
/J of the strain gauge resistances 2a, lb, 2c and 2d must connected to the secondnode; and a &ird b'P°lar tran- 
be set so as to be equal to the temperature coefficient a ^ hfving its first electrode connected to a second 
of the piezo resistance coefficient v, and this is very terminal of the thu-dvoltege dro^^ 
difficult Also, since the resistance R12 of a small tern- electrode connected to the first electrode of the second 
perature coefficient is required for producing a constant 55 bipolar transistor, and its second electrode connected to 
current I G which is not affected by temperature, the ™e second node; a potential difference between the first 
resistance Ru is formed of a thin film resistance, for ^ second nodes being the reference voltage, 
example. This brings great obstacles to form a semicon- Yet preferably, the stress transducer includes a sec- 
ductor device including the strain gauge resistance 2a to ond voltage input terminal for receiving a second volt- 
2d of diffusion resistances and the thin film resistance 60 age smaller in absolute value than the drive voltage, the 
R12 on a single semiconductor chip; e.g., a manufactur- bridge circuit of the stress transducer is activated by a 
ing process of the semiconductor is device is compli- differential voltage between the second voltage and the 
cated. drive voltage, and the reference voltage of the refer- 

ence voltage source has a positive temperature coeffici- 
SUMMARY OF THE INVENTION 65 ent 

According to the present invention, a semiconductor Still yet preferably, the stress transducer includes a 
device having a stress transducer comprises a substrate; third voltage input terminal for receiving a third volt- 
a stress transducer formed on the substrate and having a age larger in absolute value than the drive voltage, the 
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bridge, circuit of the stress transducer is activated by a the second node; a potential difference between the first 
differential voltage between the third voltage and the and second nodes being a reference voltage: 
drive voltage, and.the reference voltage of the refer- Still further preferably, the bridge circuit includes a 
ence voltage source has a negative temperature coeffici- first node connected to the voltage input terminal; first 
ent. . V 5 yoltage dropping means having its tennlnal con- 
Also preferably, the reference voltage source in- nected to the first node and having a piezo resistance 
eludes a current source, and at least one constant volt- effect; second, voltage dropping means having its first 
age diode having a negative temperature coefficient!. terminal connected to: the first node and having a piezo 
connected in series between first and second terminals: resistance effect; a second node connected to a second 
of the current source in a reverse direction. 10 terminal of the first voltage dropping means; a third 
Further preferably,- the reference voltage source in- node connected to a second tenninal of the.second 
eludes a current source, and at least one diode having a voltage dropping means; third; voltage dropping means 
negative temperature coefficient, connected in series . having its first; terminal connected to the second 1 node 
between first and second terminals of the current source: and having a piezo resistance effect; fourth voltage 
in a i forward direction. 15 dropping means having its first terminal connected to 
Still preferably, the reference voltage source includes the third node and having a piezo resistance effect; and 
a. current source; a first node coiinected to the first a fourth node connected to second terminals of the third 
terminal of the current source; a second node connected and fourth voltage dropping means and connected to 
to the second tenninal of the current source; firsts sec- . the second yoltage input terminal; a potential difference 
ond and third voltage dropping means having their 20 between, the second and third: nodes being utilized for 
respective first terminals connected to the first node; a detecting stress. 

first bipolar transistor having its first electrode con- Preferably, the voltage transducer includes first volt- 
nected to a second terminal of the first voltage dropping age .dropping means variable in resistance value; an. 
. means, its . second electrode connected to the second operational amplifier having a non-inversion input ter- 
■ node, and its control electrode connected to the first or 25 minal for: receiving output from the reference voltage 
second electrode of itself; a second bipolar transistor source which develops the reference voltage and hav- 
havihg its first electrode connected to a second terrumal ihg an inversion input terminal connected to a second 
of the second voltage dropping means, and its control terminal of the first yoltage dropping means; and sec- 
electrode connected to the control electrode of the first ond voltage dropping means having its first terminal 
bipolar transistor, fourth yoltage dropping means hay- 30 connected to an output terminal of the operational am r 
ing its first terrninal connected to a second electrode of plifier and its second terminal connected to the inver- 
second bipolar transistor and its second terminal con- sion input terminal of the operational amplifier; resis- 
nected to the second node; and a third bipolar transistor tance values of the first and second voltage dropping 
haying its first electrode connected to a second terminal means having an identical temperature coefficient; the 
of the third yoltage dropping means, its control eleo- 35 drive voltage being output from the output tenninal of 
trode connected to the first electrode of the second the operational amplifier- 
bipolar transistor, and its second electrode connected to . Preferably, the first voltage dropping means includes 
the second node; a potential difference between the first a resistance, and a fuse connected in series to the resis- 
and second nodes being a reference yoltage. tance, and the fuse is selectively broken so as to beable 
Still yet preferably; the reference voltage source in- 40 to vary a resistance value of the first voltage dropping 
eludes a current source; a first node connect to means. 

tenninal of the current source; a . second node connected Also preferably, the fuse is selectively broken by 

to a second terminal of the current source; first, second laser. 

and third voltag;e dropping means having their respec- Preferably, the first voltage dropping means includes 

tive first terminals connected to the first node; a first 45 a resistance and a diode connected in parallel with the 

bipolar transistor having, its first electrode connected to resistance so as to receive reverse voltage, and the, diode . 

a second terrninal of the: first yoltage dropping means, is selectively short-circuited to be able to vary a resis- 
and its control electrode connected to the first or sec- " tance value of the first voltage dropping means. L 

ond electrode of itself; a second bipolar transistor hav- . Preferably, reverse voltage is applied to the diode so 

ing its first electrode connected to a second electrode of 50 as to cause current to flow therein and brake it, : so that 

the first bipolar transistor, its, second, electrode con- a short region isformed in a pn junction of the diode to 

nected to the second node, and its control electrode short-circuit the diode* 

connected to the first or second electrode. of itself; a ; Also preferably, the first voltage dropping means: 
third .bipolar transistor haying.- its first electrode con- I - includes a non-volatile memory, a resistance, and a 
nected to a second terminal of the second voltage drop- -55 switching element connected in series to the resistance : 
ping means, and its control electrode connected to the . to be conductive or non-conductive in accordance with 
control electrode of the first bipolar transistor; a fourth information stored .in the non- volatile memory, and 
bipolar transistor haying its first electrode connected to . information is stored; in the; non-volatile memory and . 
a second electrode of the third bipolar transistor, and its . the switching element selectively turning to be conduc- 
control: electrode connected to the first or second elec- 60 tive or non-conductive so that a resistance value of the 
trode of itself; fourth, voltage dropping means having its : first voltage dropping means can be varied: 
first terminal connected to a second electrode of the Preferably, the voltage transducer includes a non- 
fourth bipolar transistor, and its second' terminal con- volatile memory; a digital-analog converter receiving 
• nected to the third node; and a fifth bipolar: transistor. : output from the reference voltage source at its input 
. having its first electrode connected to a second terminal 65 terminal, for transducing the reference voltage in accor- 
, of the second voltage dropping means, its control elec- . - dance with information stored in the non-volatile mem- 
trode connected to the first electrode of the fourth ory to output it; and a voltage follower circuit having 
bipolar transistor, and its second electrode connected to .. its input terminal connected to an output terminal of the 
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digital-analog converter for applying the drive voltage FIG. 4 is a circuit diagram showing a semiconductor 
to the stress transducer. device having a stress transducer according to a fourth 

Further preferably, the bridge circuit includes first embodiment of the present invention; 
and second nodes connected to the voltage input termi- FIG. S is a circuit diagram showing a semiconductor 
nal; first voltage dropping means having its first termi- 5 device having a stress transducer according to a fifth 
nal connected to the first node and having a piezo resis- embodiment of the present invention; 
tance effect; second voltage dropping means having its FIG. 6 is a circuit diagram showing a semiconductor 
first terminal connected to the first node and having a device having a stress transducer according to a sixth 
piezo resistance effect; a third node connected to a embodiment of the present invention; 
second te rminal of the first voltage dropping means; a 10 FIG. 7 is a circuit diagram showing a semiconductor 
fourth node connected to a second terminal of the sec- device having a stress transducer which is a combina- 
ond voltage dropping means; third voltage dropping tion of the second embodiment with the sixth embodi- 
means having its first terminal connected to the second ment of the present invention; 
node and its second terminal connected to the second FIG. 8 is a circuit diagram showing a semiconductor 
node and having a piezo resistance effect; and fourth 15 device having a stress transducer which is a combina- 
voltage dropping means having its first terminal con- tion of the third embodiment with the sixth embodiment 
nected to the third node and its second terminal con- of the present invention; 

nected to the second node and having a piezo resistance FIG. 9 is a circuit diagram showing a semiconductor 
effect; a potential difference between the second and device having a stress transducer which is a combina- 
third nodes being utilized for detecting stress. 20 tion of the fourth embodiment with the sixth embodi- 

Still preferably, the voltage dropping means is a diffu- ment of the present invention; 
sion resistance formed by diffusing impurity into semi- FIG. 10 is a circuit diagram showing a semiconductor 
conductor. device having a stress transducer according to a seventh 

The reference voltage source in the present invention embodiment of the present invention; 
develops reference voltage having a certain tempera- 25 FIG. 11 is a circuit diagram showing a semiconductor 
ture coefficient The developed reference voltage is device having a stress transducer according to a eighth 
selectively transduced by the voltage transducer in embodiment of the present invention; 
accordance with sensitivity of the stress detector to FIG. 12 is a circuit diagram showing a semiconductor 
apply it to the stress detector. Variations in the sensitiv- device having a stress transducer according to a ninth 
ity of stress detectors can be corrected by appropriately 30 embodiment of the present invention; 
adjusting voltage applied as drive voltage to the stress FIG. 13 is a circuit diagram showing a reference 
detectors in the voltage transducer. A temperature co- voltage source which utilizes an avalanche diode, ac- 
efficient of the strain gauge resistances of which the cording to the present invention; 
stress detector is comprised is compensated with a tern- FIG. 14 is a circuit diagram showing a reference 
perature coefficient of the reference voltage developed 35 voltage source which utilizes a Zener diode or a diode, 
by the reference voltage source formed on the same according to the present invention; 
substrate, and hence, the stress detector can be formed FIG. 15 is a circuit diagram showing a band gap 
indifferent of a circuit for correcting a temperature reference voltage source according to the present in- 
dependency of the stress detector. Also, the drive volt- vention; 

age itself is subjected to temperature compensation, 40 FIG. 16 is a circuit diagram showing a band gap 
constant current, for example, flowing in the bridge reference voltage source according to the present in- 
circuit in the prior art embodiment is no longer re- vention; 

quired, and therefore, a resistance of small temperature FIG. 17 is a circuit diagram showing a band gap 
dependency is also no longer required. reference voltage source according to the present in- 

Accordingly, it is a general object of the present 45 vention; 
invention to provide a semiconductor device which can FIG. 18 is a plan view and a side view showing a 
be easily manufactured without the requirement that a pressure sensor as an example of a conventional semi- 
temperature coefficient of strain gauge resistances conductor device having a stress transducer; and 
should be equal to a temperature coefficient of a piezo FIG. 19 is a circuit diagram showing a conventional 
resistance coefficient and which no longer requires a 50 semiconductor device having a stress transducer, 
resistance of a small temperature coefficient and is low- _ 

priced. DESCRIPTION OF THE PREFERRED 

These and other objects, features, aspects and advan- EMBODIMENT 
tages of the present invention will become more appar- A first preferred embodiment of the present invention 
ent from the following detailed description of the pres- 55 will now be described with reference to FIG. 1. FIG. 1 
ent invention when taken in conjunction with the ac- is a circuit diagram showing a semiconductor device 
companying drawings. according to the first preferred embodiment of the pres- 

BRIEF DESCRIPTION OF THE DRAWINGS, T ** f^^uctor device 

having a stress transducer includes a stress detector 1 

FIG. 1 is a circuit diagram showing a semiconductor 60 which has a bridge circuit consisting of strain gauge 
device having a stress transducer according to a first resistances 2a, 2b, 2c and 2d, a node 3c between the 
embodiment of the present invention; strain gauge resistances 2a and 2c, a node 3d between 

FIG. 2 is a circuit diagram showing a semiconductor the strain gauge resistances 2b and 2d, a node 3a be- 
device having a stress transducer according to a second tween the strain gauge resistances 2c and 2d, and a node 
embodiment of the present invention; 65 3b between the strain gauge resistances 2a and 2b, and a 

FIG. 3 is a circuit diagram showing a semiconductor voltage developed between the nodes 3a and 3b is in 
device having a stress transducer according to a third proportion to stress to be detected. The semiconductor 
embodiment of the present invention; voltage developed between the nodes 3a and 3b is in 
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proportion to stress to be detected. The semiconductor * - ■ ti n 

device having a stress transducer also includes an opera? ; -cpnnnued 

tiphaL amplifier 4 for amplifying output voltage V^n / R 2l ^ • V+y-T ; 

(differential voltage between the anodes 3aand 36) ofthe «-<P ; *o * +~r£) x x i;+d, r 
stress detector 1, resistances 5, 6, 7 and 8 for determin- 5 

"ing an ampimc^tion.factor ofthe operational amplifier As can be seen, setting a temperature coefficient oif 

4, grounds. 9 to which a first terminal of the xesistance 8, ; the reference voltage source; 18 so as to satisfy d=y, a 

the node 3tf, and so forth are grounded, and an output temperature dependency ofthe sensitivity of the stress 

terminal 10 of: the ; operational amplifier 4: Thedifferen- detector 1 can be compensated in the formula (21). 

tial voltage between the nodes 3a and Zb is single-ended 10 variations.in sensitivity of several stress detectors 

by the operational amplifier 4 and so forth/ and the 1 m different semiconductor devices having a stress 

voltage Vjpan is amplified to (R^/Rs) times and output . transducer (variations a-Tro) can be corrected by adjust- 

voltage Vet is, output A reference voltage, source 18 • mg me resistance value of the resistance 20. Thus, it is 

developsTeference voltage having a positive tempera. no longer required making a temperature coefficient )3 
ture coefficient, and this can be easily implemented with 15, 0 f resistance values of the strain gauge resistances 2a to 

a band gap type reference voltage source or an ava- : 2d equal to a temperature coefficient a of the piezo 

lanche fcode, for example. ^ resistance coefficient unlike the prior art, and conse- 

havmg a stress transducer further: includes an opera. quently, fabrication ofthe device is fasilitated. \ 

tional amplifier 19 for amplifying the reference voltage ^ resistances 20 and 21 generally have their respec- 

ofthe reference voltage source 18, resistances 20 and 21 20 ^ resistance values ^ te mpeTataie coefficients, and 

for deternn^g^an^plification factor of the opera. ^ ^ tQ ^ other tf identical ^ tem pera. 

tional amplifier 19. dereference voltage source 18 has ture coefficient, the resistances 21 and 22, if formed of 

its negative electrode grounded and its positive elec- thin film resistances of, for example, NiCr having an 

trod i wimectedtoanon^vetaon^plificadon^. . idea ^ temperature coefficient,. can be formedion a 

nal of *e operational amplifier W. The resistance ?0 has 25 ^ s^^^ chi to ^ mer ^ ^ M de . 

its firs? terminal grounded, and its , second ^terminal con- tector ^ operational ^m** 4 and 19, the refer- 

T^Jt '^-TT* 1 ^. ,tSfirS l te T ial < m «■* fonned "y ^P-rity ^difrosion). Adjustment 
plifier 19. The resistance 21 has its first, terminal con- 30 ■ or ^ jjj^ • • e 
neptedtaanoutpirtte^ A second preferred embodiment ofthe present ihven- 

. W and its second terminal connected to ^inversion : tion ^ te deS cribed with reference to FIG. 2. In FIG; 

IF"? £^ w,. T rat, Tf am L^ 19t0 , n ^ a " 2 ' * semiconductor/device having a stress transducer 
nvely feed-back *e yoltege ofthe output termmal. The - inches a diffiisioh resistance 21 formed by impurity : 
operational amphfier^l9 hasi its output termmal con- « diffustollf diffusion -resistances 20_ x to 20_» having , 
nectedtothenode* r to apply drive voltage to a bridge : ^ reS pecti ve first terminals grounded and their re- 
circuii consisting ot tne strain gauge resistances^, 2b, spe ctive: second tenninais connected to an inversion 
42V . \ -j-.- t * mputternainal of an operational amplifier 19 in a ladder 

in " 'ZFT* of ^^9 on ^ t ^ ce ^ 40 shape and having the same impurity concentration with 
mgastr^tra^ucerwillbede^o^ 40 ^ resistance 21, and fuses 2_j to 22_ B provided in 

^ V k ^^■ 1 f~ v fBgewin».18i8V^ series between- the resistances 20 _! to 20„ fl and^ 
given by the foflowmg formula: ^ ^ ^ fomed of ai^^ polysiH . 

ryTwvynM vT^ yio^ c o n t 'or the like, for example. The resistances 20 _i to 

^ ; 1 45 20_„ and the fuses 22. i to 22_„ together function for 

Although Vre/J) is amplified by the operational am- ' fdj^g the resistance value of the resistance 20 ^ shown 
plifier 19, output voltage V 19 of the bperational ampli- m ™* 1- Reference symbols snnilar to those m FIG, 1 
fier 19 can be expressed by the foUowing formula, d ^ ote °1 COITCS ? ondm S components to 

where resistance values of the resistances 20 and 21 are ^ of | ^4 res^ve connections are also 
R2oandR2i: so similar to FIG. 1. Although the resistances 20 and 21 of 

thin film are employed for correcting variations in sensi- 
tivity of severaQ stress detector 1 in the first preferred 
/ r 21 V (20). embodiment, fuses ofthe semiconductor device having 

Vi9 - ^ l + jxVr^t) a stress, transducer shown in FIG. 2 are selectively bro- 

55 ken with laser or the like in accordance; with variations 

x? ~a " i * nr . a\ j *_ * in sensitivity of several stress detectors 1 in this second 

Potential at the node 3c is (Vi9-f0) and output •u&^^j ^ j- * -n- « - * - ■ i 

\,*n~~±\r' ^♦u- w-j ** ell L M a * * preferred embodiment This allows resistance values 

voltage Vspan of the bridge circuit of the stress detector f ; - . - . . . ; . , t 
t , n JfTL. u *u r _ i ' /o\ e- *u j * j • between the inversion input termmal ofthe operational 
.1 can be given. by the formula (9). Since the node 3d is ' rh m i j • i" 

TTTi^ * T3 a o i >i *• *v r i amplifier 19 and grounds m a resistance network con- 
grounded in FIG. 1, E3</=0. Substituting the formulas ^ M T A - n . , , 
^ /om <• r i /n\ i J *t» -c ii • 60 sisting ofthe resistance 20- 1 to 20_„ to be varied, and 
(19) and (20) for the. formula (9) leads the following - to : y *v • *r • i- • ^ 
formula- . consequently, the variations m sensitivity of the stress 

detectors 1 in different semiconductor devices having a 
stress transducer can be corrected. In other words,each 
. . VQ / Rlx \ ' &}) of the resistances. 20-rto 20p n and each .-of ^the fuses 

V^nitf) = a : F x x + a . T x I l +."^~" J >< ,65 22_ \ to 22_„ are combined in a pair so as to function as 

a single element for adjusting a resistance value. Hereiri- 
■ -. K^oxO+'7'-3)»- after, such an element is referred to as a resistance value 

. . • ;.. J . ' ; " adjusting element - ;. * . ; 
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Then, a third preferred embodiment of the present ing the fuzes 22_i to 22_„ to brake them with laser or 
invention will be described with reference to FIG. 3. the like, or utilizing the zener diodes 23. i to 23_ B to 
FIG. 3 (a) is a circuit diagram partially showing a semi- short-circuit them with current in the second and third 
conductor device having a stress transducer according preferred embodiments, a semiconductor device shown 
to the third preferred embodiment Referring to the 5 in FIG. 4 has its sensitivity adjusted by utilizing digital 
figure, resistances 20. i to 20. rt are connected in series switches 32- 1 to 32-« to selectively turn on or off in 
between a non-inversion input terminal of an opera- accordance with variations in sensitivity of stress detec- 
tional amplifier 19 and a ground, respectively. Each of tors 1 and thus varying a resistance value of a resistance 
the resistances 20. i to 20_„ is connected in parallel network between an operational amplifier 19 and 
with each of zener diodes 23i to 23_„in a reverse direc- 10 grounds to vary output voltage of the operation ampli- 
tion. Each of the zener diodes 23_i to 23 _ n has its fier 19. Here, each of resistances 20_ i to 20- n and each 
anode and cathode provided with each of pads 24. i to of the switches 32- 1 to 32. „ connected in series to each 
24. A on an insulating film 38 for causing current to flow other together function as a resistance value adjusting 
in the zener diodes 23- 1 to 23.„. The resistances 20- 1 element 

to 20- n and a resistance 21, for example, can be formed IS Now, a fifth preferred embodiment of the present 
by impurity diffusion as in the second preferred embodi- invention will be described with reference to FIG. S. 
ment. Parts not shown in FIG. 3 indicate equivalent or FIG. 5 is a circuit diagram showing a semiconductor 
corresponding parts to those shown in FIG. 1, and device having a stress transducer according to the fifth 
connect ions among them are also similar to those of preferred embodiment according to the present inven- 
FIG. 1. A pair of probes 26 of tungsten or the like con- 20 tion. In FIG. 5, reference numeral 33 denotes a non- 
nected to a current source 25 is brought into contact volatile memory which stores data on voltage to be 
selectively with a pair of pads 24. i and 24.2, a pair of applied to a node 3c, and numeral 34 denotes a digital- 
the pads 24-2 and 24-3, or the like in accordance with analog converter which converts voltage received at its 
variations in sensitivity of several stress detectors 1. In reference voltage terminal with a multiplying factor 
this way, each zener diode, 23-2, 23-3, or the like, has 25 according to data stored in the non-volatile memory 33 
its anode and cathode connected to the current source to output it In FIG. 5, the D/A converter 34 is utilized, 
25 so as to cause current Iz to flow in each zener diode, which has its reference voltage terminal connected to a 
23-2, 233i 3> or the like, and short it Then, variations in reference voltage source 18. Digital data in accordance 
sensitivity of the stress detectors 1 can be corrected by with variations in sensitivity of the stress detectors 1 is 
varying a resistance value of a resistance network con- 30 stored in the non-volatile memory 33, and voltage in 
nected between the non-inversion input terminal of the accordance with reference voltage (Le., voltage having 
operational amplifier 19 and the ground. Specifically, in the same temperature coefficient as that of the reference 
a circuit shown in FIG. 3, one of the resistances 20. i to voltage) is developed at an output terminal of the D/A 
20-n and one of the zener diodes 23 1 to 23. n connected converter 34 in accordance with the data in the non- 
in parallel with it together function as a single resistance 35 volatile memory 33. Then, for example, an operational 
value adjusting element FIG. 3(b) shows a state of such amplifier 35 functions as a voltage follower to cause the 
a function. Anodes of the zener diodes 23i to 23. „ can resultant voltage to be current-amplified and applies the 
be formed by p-type impurity diffusion and their cath- resultant voltage to a stress transducer 1, so that com- 
odes can be formed by n-type impurity diffusion. Usu- pensation of temperature dependency of the stress 
ally, a p-type impurity diffusion region 27 is formed in 40 transducer 1 and correction of variations in sensitivity 
the same stage with base regions of other transistors of several stress transducers 1 can be implemented, 
while an n-type impurity diffusion region 28 is formed Now, a sixth preferred embodiment of the present 
in the same stage with emitter regions of those transis- invention will be described with reference to FIG. 6. 
tors, and a short region 29 can be formed by causing the FIG. 6 is a circuit diagram showing a semiconductor 
current Iz of the current source 25 to flow. In this em- 45 device having a stress transducer according to the sixth 
bodiment, it is desirable that breakdown voltage at the preferred embodiment of the present invention. In FIG. 
zener diodes 23i to 23 _„ is higher than voltage at a 6, the semiconductor device includes a stress detector 1 
reference voltage source 18. If so, even with only one which has a bridge circuit consisting of strain gauge 
zener diode remaining without short-circuiting, they resistances 2a, 2b 9 2c and 2d, where 3c is a node between 
are safe; no malfunction arises. Reference numeral 30 SO the strain gauge resistances 2a and 2c, 3d is a node be- 
designates an n-type epitaxial layer, and 31 denotes a tween the stain gauge resistances 2b and 2d, 3a is a node 
p-type separating layer for separating the zener diodes between the strain gauge resistances 2c and 2d, and 3b is 
23-i to 23- r from other circuit elements. a node between the strain gauge resistances 2a and 2b, 

Then, a fourth preferred embodiment of the present Voltage developed between the nodes 3a and 3b is in 
invention will be described with reference to FIG. 4. 55 proportion to stress to be detected. The semiconductor 
FIG. 4 is a circuit diagram showing a semiconductor . device having a stress transducer also includes an opera- 
device having a stress transducer according to the tional amplifier 4 for amplifying output voltage Vspan 
fourth preferred embodiment Referring to FIG. 4, (differential voltage between the nodes 3a and 36) at the 
digital switches 32. i to 32. „ are connected in series stress detector 1, resistances 5, 6, 7 and 8 determining an 
between resistances 20. i to 20— A and Grounds. For 60 amplification factor of the operational amplifier 4, and 
example, the digital switches 32- 1 to 32. n are made of grounds 9 to which one end of the resistance 8 and the 
transistors and the like. Reference numeral 33 desig- like are grounded. Reference numeral 10 denotes an 
nates a non- volatile memory which stores digital data to output terminal of the operational amplifier 4, and nu- 
turn on or off the digital switches 32. i to 32- n . Other meral 11 denotes a power source for supplying voltage 
like reference numerals denote equivalent or corre- 65 Vccto the node 3c of the stress detector 1. The differen- 
sponding parts to those of FIG. 2, and connections tial voltage between the nodes 3a and 3b is single-ended 
among them are also similar to FIG. 2. Although the by the operational amplifier 4 or the like, and further, 
operational amplifier 19 has its output adjusted by utiliz- the voltage Vqxm is amplified to (R6/R5) times so as to 
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output output voltage Vout- The semiconductor device 
having a stress transducer further includes a reference 

voltage source 18 which develops reference, voltage v . (Tv Vp ■ „ , ff j? 2 i V 

havinga positive or negative temperature coefficient = j +a .y. x^i --j^-J^ 

and which, for example, can be easily implemented by. a 5 . 
band gap type reference voltage source, a zener diode, ' / \ \ 

or the like. An operational amplifier 1? amplifies the ^ _ T j _^2L ] x v^{T) ;/= 

reference voltage of the reference voltage source 18, ^ . 20 ■ 

and resistances 20 and 21 determine an amplification 

factor of the operational amplifier 19. The reference 10 / * 21 S y cc _ y n/ (j) 

voltage source 18 has its negative electrode grounded. a-F-iro x --^r 1+ a , r 

and its positive electrode connected to a non-inversion : ' 

amplification terminal of the operational amplifier 19. Additionally, the formulas (22) and (24) lead to the 
The resistance 20 has its fctternu^ cxjnnected to the ; following formula: 
power source 11 arid its second .terrninal coimected to 15 ■ : 

an inversion input terminal of the operational amplifier 

19. The ^resistance 21 has its first tenninal connected to . , f RriS ^ 

an output terminal of the operational amplifier 19 and its ': ^W* 7 ) o-^-wo x -"j^-Jx . 
second terminal connected, to the. inversion input termi- 
nal of the operation^ amph^er 19 so as to ne^tively 20 .Vrefl v 
feed back voltage; at the output terminal. The opera- _ „ . 1 + v*.- v^p. x y ' T - 
tional amplifier 19 has its output terrninal connected to ( * ^ x h+*; T 
a ncKle 3rf so as to apply drive voltage V 19 to the bridge 

circuit consisting of the strain gauge resistances 2a; 2b, Thus, it can be found from the formula (25) that the 
2c and 2d. The bridge circuit is actuated by differential 25 relation between a temperature coefficient d of a piezo 
voltage between the supply Voltage V« and the drive resistance coefficient and a temperature coefficient y of 
voltage V19. As to the circuit in FIG. 6, when voltage the reference ybltage is given by the following formula: 
supplied by the power source 11 to the node 3c is higher : ; \ 

than voltage output by the operational amplifier 19, or 
when potential E3 C at the node 3c is higher than pbten- 30 

tial £34 at the node 3</, it is necessary that the reference _ f _ \ > ) - '" 

voltage source 18 develops the reference voltage bay- y \ ^ J a 

ing a negative temperature coefficient Reversely, when 

the potential Ej c at the node 3c is lower than the poten- - Thus, it can also be found that setting the temperature 
tial E^ at the node 3d, it is necessary that the reference 35 coefficient y of the reference voltage of the reference 
voltage source 18 develops the reference voltage hav-* voltage source 18 so as to satisfy the, relation of the 
ing a positive temperature coefficient. - formula (26), temperature dependency of 1 sensitivity of 

Then, an operation of the semiconductor device hav- the stress detector 1 can be compensated in the formula 
ing a stress transducer according to the sixth preferred* (25). Moreover, variations in sensitivity of several stress 
embodiment will be explained: When the reference. detectors 1 (variations of a-iro) can be correctedi by 
voltage has a negative temperature coefficient/ the fol- adjusting a resistance value at the resistance 20. 
lowing formula is given: The resistances 20 and 21 usually take resistance val- 

VTdTi-VnjoXii-Tl) (22) ues temperature coefficients, and if temperature 

xr^rr^- >xt. r .-coefficients are the same, they cancel to each other and 

where is voltage of the reference voltage source 45 ^ no Muence . For example, the resistances 20 and 

w rr\ j- : rc j u *u i i -r: - • * a 21 ma y ^ formed of thin film resistances of NiCr or the 

•JfSSjLSSSi^ ^ T "!? *7 ^ ' Iikehavinganidenticaltemperaturccoefficient,aiidcan 

* ' 50 . f* 1 ? stress detector 1, the operational amplifiers 4 and 19, 

the reference : voltage source 18, and the resistances 5, 6, 
y i9 ^ y n/ {T) - (Vci - VrtfU)) x * 2I; =■■'•"'.' _ (23) ■ 7 and 8 (which are formed, in this case, by impurity 

diffusion). Adjustment of the resistance 20 can be per- 
■ formed by trirmning with laser or the like. 
Riv 55 The foregoing is the case where the reference voltage 
) l x- (7) - ^ x v a a negative temperature coefficient in the sixth pre- 

" ■ " ferred embodiment, but even Ae . reference voltage 

where R20 and'Rii are resistance values of the resis- has a positive temperature coefficient, the temperature 
tances 20 and 21, and V a is : voltage applied by the \ coefficient a of the piezo resistance coefficient can be 
power source 11 to the node 3d \ ; : 60 compensated; : 

The 1 potential Em at the node 3d is (V 19 4-0). The The resistance value adjusting element in the second, 
output voltage Vspon at the bridge circuit of the stress third and fourth preferred embodiments may be used 
detector ! can be given by the formula (9). Also, in for implementing the resistance 20 in the sixth preferred 
FIG. 6, since the node 3c is connected to the power - , embodiment, and FIGS. 7 to 9 show various cpmbina- 
source 11, the potential at the node 3c is (V^-hO). A 65 tions. Various effects in semiconductor devices having a 
configuration of the bridge circuit 2a to 2d.is similar to stress transducer shown in FIGS. 7 to 9 according to 
the prior art Hence,- substituting the formula ^(23) for ! the present invention are similar to the previous em- 
the formula !■(?) leads the following formula: bodiments. . . : 
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Then, a seventh preferred embodiment will be de- Here, potential E 3< / at a node 3d is (Vi 9+ 0). Output 
scribed with reference to FIG. 10. FIG. 10 is a circuit voltage of the bridge circuit of the stress detector 
diagram showing a semiconductor device having a 1 can be given by the formula (9). Also, a node 3c is 
stress transducer according to a seventh preferred em- connected to the power source 11 in FIG 11, potential 
bodiment of the present invention. Referring to FIG. 5 E 3c at the node 3c is (V«+0). A configuration of the 
10, the semiconductor device includes a power source bridge circuit 2a to 2d is similar to the prior art Thus, 
11 for supplying voltage V«to a node 3c, a non-volatile substituting the formula (27) for the formula (9), the 
memory 33 which stores data on voltage to be applied following formula is give: 
to a node 3d, and a digital-analog converter 34 for con- 
verting voltage received at its reference voltage termi- 10 

nal with a multiplying factor according to data stored in „ ir 0 f r 1x \ P) 

the non-volatile memory 33. In FIG. 10, the D/A con- ^ WBfl,fx T+TTT" x ^ 1 + ) x WD 
verter 34 is utilized, having its reference voltage termi- 
nal connected to a reference voltage source 18, and Furthermore, the formulas (19) and (28) lead the 
digital data in accordance with variation in sensitivity 15 following formula: 
of stress detector 1 is stored in the non- volatile memory 
33, so that the D/A converter 34 develops voltage in 

accordance with reference voltage at its output terminal ( Ri\\ i + y . t ^ 

based upon the data in the non-volatile memory 33 (Le., *W = *o x ^l + -jgp Jxv^x x + a . r 
voltage having the same temperature coefficient as that 20 

of the reference voltage). Then, for example, an opera- Thus, it can be found that setting a temperature coef- 
tional amplifier 35 functions as voltage follower to cur- ficient of the reference voltage source 18 in accordance 
rent-amplify the resultant voltage and applies voltage to with the formula (29) so that the relation between a 
the stress transducer, so that compensation of the tern- temperature coefficient a of a piezo resistance coeffici- 
perature dependency of the stress transducer 1 and ^ ent and a temperature coefficient y of reference voltage 
correction of variations in sensitivity of several stress satisfy the relation a=y, temperature dependency of 
transducers 1 can be implemented In the circuit shown sensitivity of the stress detector 1 can be compensated, 
in FIG. 10, when voltage supplied by the power source Also, variations in sensitivity of several stress detectors 
11 to the node 3c is higher than voltage output by the 3 l (variations of a^r 0 ) can be corrected by adjusting a 
operational amplifier 35, or when potential E 3c at the resistance value of a resistance 20. Resistances 20 and 21 
node 3c is higher than potential E 3rf at the node 3d, the usually have their resistance values with temperature 
reference voltage source 18 develops reference voltage coefficients, but since they cancel with each other if 
having a negative temperature coefficient. Reversely, identical in temperature coefficient, they exert no influ- 
the potential E^at the node 3c is lower than the poten- 35 ence of the temperature coefficient For example, the 
tad E M at the node 3d, the reference voltage source 18 resistances 21 and 20 may be formed of thin film resis- 
develops the reference voltage having a positive tern- tances of NiCr or the like having an identical tempera- 
perature coefficient ture coefficient, and can be formed on a single semicon- 

Now, an eighth preferred embodiment of the present ductor chip together with the stress detector 1, opera- 
mvenuon will be described with reference to FIG. 11. ^ tional amplifiers 4 and 19, reference voltage source 18, 
FIG. 11 is a circuit diagram showing a semiconductor and resistances 5, 6, 7 and 8 (which are formed, in this 
device having a stress transducer according to the case, by impurity diffusion). Adjustment of the resis- 
eigln* preferred embodiment of the present invention. tance 20 can be performed by trimming with laser or the 
In FIG. 11, like reference numerals denote identical or like. 

corresponding parts to those of FIG. 6. FIG. 11 is dif- 45 The resistance value adjusting element in the second, 
ferent from FIG. 6 m that a reference voltage source 18 third and fourth preferred embodiments may be used 
has its positive electrode connected to a power source for implementing the resistance 20 in the eighth pre- 
11 and its negative electrode connected to a non-inver- ferred embodiment Various effects in semiconductor 
sion input terminal of an operational amplifier 19. In the devices having a stress transducer brought about by 
circuit shown in FIG. 11, it is necessary that the refer- 50 combinations of the second to fourth preferred embodi- 
ence voltage source 18 develops reference voltage hav- ments with the eighth preferred embodiment are similar 
mg a positive temperature coefficient to the above embodiments. 

Then, an operation of the semiconductor device hav- Then, a ninth preferred embodiment of the present 
mg a stress transducer of the eighth preferred embodi- invention will be described with reference to FIG. 12. 
ment will be described. Assuming that voltage of the 55 FIG. 12 is a circuit diagram showing a semiconductor 
reference voltage source 18 is VrefiJ) , the formula (19) device having a stress transducer according to the ninth 
B S VC ^U - preferred embodiment of the present invention. Refer- 

V„/fT) is amplified by the operational amplifier 19, ring to FIG. 12, like reference numerals denote identical 
and with an assumption that resistances 20 and 21 has or corresponding parts to those of FIG. 6. FIG. 12 is 
resistance values R^and R21, and voltage V«is applied 60 different from FIG. 6 in that a resistance 20 has its first 
by the power source 11 to a node 3c, output voltage terminal grounded and its second terminal connected to 
V 19 of the operational amplifier 19 can be expressed as an inversion input terminal of an operational amplifier 
m the following formula: ^ the circuit of FIG. 12, when voltage supplied by 

a power source 11 to a node 3c is higher than voltage 
* ^ (27) 65 output by the operational amplifier 19, or when poten- 

v l9 = v a - [ 1 + Jx *V(7) tial E3 C at the node 3c is higher than potential E3,/at a 

^ 20 ' node 3d, it is necessary that a reference voltage source 

18 develops reference voltage having a negative tem- 
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perature coefficient Reversely, when the potential E$ c end connected to the power source 11. This reference 
at the node 3c is lower than the potential E^at the node voltage source is different from that of FIG .13(a) in 
3d, it is necessary that the reference voltage source .18 . that a potential difference between the power Source 11 
develops the reference voltage having a positive tern- and an output terminal 45 connected to the second 
perature coefficient 5 terminal of the resistance 43 is employed; The reference : 

"... Now, a specific circuit c»nfiguratipn of the reference voltage source is used, for example, for the reference 
voltage sources . in the above-mentioned preferred em- voltage source 18 shown in FIG. 11 in the above em- 
bodiments will be described/TTipse reference voltage bodiment 

sources have a positive or negative temperature coeffi T . FIG. 14 is a circuit ; diagram showing a reference 
cient due, to the circuit configurations of the respective 10 voltage source , having a negative temperature coeffici- 
semiconductor devices having a stress transducer, and . ent, where forward : voltage drop of a zener diode of 
therefore, both the reference voltage source having a diode is utilized. In FIG. 14, the- reference voltage 
positive temperature coefficient and the reference volt- source includes a power source 11, grounds 9, diodes : 
age source having a negative temperature coefficient 42, a resistance 43, zener diodes 46, and output terminals 
are required/FIG. 13 is a circuit diagram showing a 15 48 and 49. FIG. 14(a) shows a reference voltage source 
reference voltage source having a positive temperature which consists of the plurality of the zener diodes. 46 
coefficient where an avalanche diode is used. In FIG. connected in series in the reverse direction one of which 

. 13, the : reference voltage source- includes a power has its anode jgrpunded, and the resistance 43 hayihg its 
source 11, grounds 9, avalanche diodes 41, diodes 42, a . first terminal connected to the power source H: and its 
resistance ,43, y and output ; terminals 44 and 45. FIG. 20 second terminal connected to a. cathode of one of the 
13(a) shows a reference voltage source which consists zener diodes 46. The zener diodes 46 develop constant 
of the pluraity of avalanche diodes 41 connected in " voltages having negative temperature coefficients. The 
series in a reverse direction, one' of which haying its reference voltage source can consist of only one zener 
anode grounded, the plurality of diodes 42 connected in -., diode 46, but such a single zener diode cannot make so 
series in a forward direction, one of which having its 25 : large a negative temperature coefficient because a tern- 
cathode connected to a cathode of one of the avalanche perature coefficient which the zener diode has is deter^ 
diodes 41, and a resistance 43 having its first, terminal mined depending upon an impurity concentration and 
connected to the power source 11 and its second tenni- the like. However, the sum of the temperature coeffici- 
nal connected to an anode of one; of the diodes 42. The ehts of the zener diodes 46 connected in series is the 
avalanche diodes 41 develop constant voltage haying a 30 temperature coefficient of the reference voltage. , Thus, 
positive temperature coefficient. The reference voltage ; the plurality of the zener diodes 46 are used to gain a 
source can be formed of a single avalanche diode 41 large negative temperature coefficient Additionally, 
alone, however one avalanche diode alone is not . the plurality of the zener diodes 46 are useful because 
enough to obtain a sufficiently large positive tempera- their temperature coefficients can be adjusted by vary- 
ture coeffident.dependmg upon an impurity 35 ing the' number of the connected ones. A potential dif- 

tion and the like of the avalanche diode. However, the ference between the ground 9 and the output terminal 
sum of . the, temperature coefficinets of the , avalanche 48 connected to a second terminal of the resistance 43 is 
diodes 41 connected in series is the temperature coeffici- . ; used as the reference voltage. .< 
ent of the feference' voltage. Thus, many avalanche - FIG. 14(&) is a circuit diagram showing a reference 
diodes 41 are employed to gain a large positive tempera- 40 voltage source which consists of the plurality of the, 
ture coefficient The plurality of avalanche diodes 41 diodes 42 connected in series between the power source 
are useful because the temperature coefficient can be . 11 and the .ground 9, one of which has its cathode 
adjusted by varying the number of the connected ones. grounded, and the resistance 43 having its first terminal 
Moreover;, forward voltage drop of a diode exhibit a connected to the power source 11 and its second tenni- 
negative temperature coefficient, and therefore, the 45 nal connected to an anode of one of the diodes 42. The 
diodes 42 having negative temperature coefficients dif- " diodes 42 are connected in the forward direction to 
ferent in absolute value from positive temperature cqef-; cause forward voltage drop. Since the forward voltage 
ficients which the avalanche diodes 41 have are con- drop has a negative temperature coefficient, the.refer- 
nected in series to the avalanche diodes 41 in the for- . ehce voltage source cari be formed of only one diode 42, 
ward direction, so that a minute temperature coefficient 50 but such a single diode cannot make so large a negative 
can be adjusted. Then, as reference voltage, a potential temperature coefficient. However, the sum of the tem- 
difference between the ground 9 and the output terini- . perature coefficients of the diodes 42 connected in series 
nal 44 connected to a second terminal of the resistance is a temperature coefficient of the reference voltage. 
43 is employed. A reference voltage source is, for exam- Then, the plurality of the diodes 42 connected in series 
pie, useful for the reference: voltage source 18 shown in 55 are employed to gain a large negative temperature coef- '" 

, FIGS^ 1 through 5 in the above preferred embodiments, " ' ficient. Also, the plurality of the diodes 42 are useful for 
^e sum, of the temperature coefficients of the ava- . adjusting the temperature coefficient by . varymg >;the . 
lanche diodes 41, in this case, is larger than the sum of number of the connected ones. As to the reference volt- 
the temperature coefficients of -the diodes 42. t . . .. age* a potential o^erence between the ground 9 and the 
FIG. 13(b) shows a reference voltage source which 60 output terminal 49 connected to the second terminal of 
consists of the resistance 43 having its first terminal , the resistance 43 is employed. The reference voltage 
grounded, the plurality of the avalanche diodes 41 con- sources shown in FIGS. 14(a) and 14(6) are used in the 
nected in series in the reverse direction, one of which; above embodiments in the case where a negative tem- 
has its anode connected to a second terminal of the . perature coefficient is required; for example, they , are 
resistance 43, and the plurality of the . diodes 42 con- . 65 .used as the reference voltage sources 18 in the circuits 
nected in series in the forward direction, one of which shown in FIGS 6 through 10. 
has its cathode connected to a cathode' of one of the ■■■■ Then, a band gap type reference voltage source will 
avalanche diodes 41 and another, of which has its one be described with reference to FIGS/ 15 to 17. A band 
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gap reference voltage source shown in FIG. 15 is a 22 
reference voltage source which develops voltage based 

upon a potential at a ground. In FIG. 15, a circuit in- v m x to-^ 

eludes resistances 50 to 54, npn bipolar transistors 55 to 9 7 * 

57, and output terminals 58 and 59. The resistance 50 5 . » 

has its first terminal connected to a power source 11 and Kaa = x ^ 

its second terrninal connected to first terminals of the 

tance 51 has its second terminal connected to a coUector 10 
and a base of the transistor 55, and the transistor 55 has 

its emitter grounded. The resistance 52 has its second /, 7 \ < 37 ) 

terminal connected to a coUector of the transistor 56, h * **3 = JL T~ * [ T x "T 5 " J 

and the transistor 56 has its base connected to a base of ' 

the transistor 55 and its emitter connected to a first 15 c;„„* ^ ^ . , . « 

terminal of the resistance 53. A second terminal of™ nr ^ce the saturation current fcof the transistor is in 

resistance 53 is grounded. The transistor 57 has its col- 1°^°* ^"Tt ofan enutter of and 

lector connected to a second terminal of the resistance T^^u^ ^ ofthe **** 

54, its base conned to a coUector of the transit to * e *^<*5«K l:n, the relation fe/I^n 

and its emitter grounded. Reference voltage is a poten' 20 ^ ^ fonnilla 

tial difference between the output terminal 59 con- Q7) leadS foUowu >g ^nnula; 

nected to a first terrninal of the resistance 54 and the 

output terminal 58 grounded. . (38) 

Then, an operation of this reference voltage source h-R$3= kT xiafnx-r- ] 

wUl be described. Base-emitter voltages at the transis- 25 9 V 2 ' 

tors 56 to 58 are denoted by V B e\ to V Bm> and resis- - , 

tance values of the resistances 51 to 54 are denoted by , Furthermore, the formulas (33) and (38) lead the 
R51 to R54. 12 is a current flowing in the resistor 53. The foUowm S formula: 
transistors 55 and 56 have their respective bases com- 
monly connected, and this leads the following formula: 30 



(30) 



(39) 



(40) 



Assiumng that voltage between the output tenninals The formula (39) is substituted for the formula (32V 
58 and 59 is V re /and current flowing in the resistance 51 35 
is Ii while current flowing in the resistance 52 is I2, the 

foUowing two formulas are led from voltage drop at the „ ^ A , r C Rn^ 

resistance 51 and the base-emitter voltage V £m of the f ~ + ^ x x H" X *55rJ 

transistor 55 and from voltage drop at the resistance 52 
and the base-emitter voltage VBE 3 of the transistor 57: 40 GeneraUy, V BE has a temperature coefficient -2 
Vrtr=v B E\+IvR« mV /°C. Also, the second term in the equation (40) is in 

pi) proportion to the absolute tmperature T. Accordingly, 
*V= KRE3+/2./852 02) specifying the emitter areas ratio of the transistor 55 to 

the transistor 56 and the resistance values R 51 to R53 of 
Now, setting the relation between the base-emitter 45 ^ r ^ sistances 51 to 5 3> which coefficient, positive or 
voltages VBEi and VBE3 at the transistors 55 and 57 as ne f atlve ' temperature coefficient of the refence 
Vj£i= Vb&, the relations of the formulas (31) and 02) Y° lta S e V "/ ^ota and what value it takes can be 
are used to lead the foUowing formula: freely specified. 

In the circuit shown in FIG. 15, however, a value of 
/! R$2 50 the temperature coefficient of the reference voltage 

I2 0301101 made smaller than -2 mV/° C. Then, as 

shown in FIG. 16, for example, connecting transistors 
GeneraUy, base-emitter voltage of a transistor can be ~ 61 ^T°' the Y ne ^ ve temperature coefficient 
given by the foUowmg formukf T * * *»• % serais 60 and 61 

55 denote npn transistors. The transistor 60 is connected 
between the transistor 55 and the resistance 51 and has 
Vbe~ k ' T x in-—- M its collector and base connected to a second terminal of 

9 s the resistance 51 and its emitter connected to a coUector 

«,w* 1. * n u _ . of the transistor 55. The transistor 61 is connected be- 

S£ui a fc^feT*Vf^ to 60 ^ the transistor 56 and the resistance 52, and haste 
perature, q is an electnc charge of electrons, fcis a coUector and base connected to a second ter^ erf the 

i^S^T^ ^ ° f ^ 56 65 FIG. 15, and other connS are atoln^^the 

is Isi, the base-emitter voltages and Vsm at the circuit in FIG 15 

£3? 55 ^ 56 ^ ^ ^ by fonowiD « Bas^emitter voitages of the transistors 60 and 61 are 

denoted by V B &\ and V BE s, respectively. Here, since 
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bases of the : transastors 55 and 56 are commonly con- transistor 76 has its base connected to a base of the 

^^^ f t 0 ™"-. « V ul transistor 75 and its emitter connected to a f^t tenninal 

Then, voltage drop of the resistance 51 the base- of ,h e resistance 74. A second terminal of the resistance 

™ Pf the fns^tor 55, and the base- 74 is connected to the power source IX. The S 

emitter voltage vrea of the transistor 60 together lead s tt •* „ ^ * . , ;™ 

the foUowingVrmnla; ; V ^ - 7 Sector connected to a second terminal of 

■ the resistance 73, its base connected to a collector :6f the 

^n^^W+^j©4+/i^5i (41) transistor 76, and its emitter connected to the power 

: . \ source 11; Reference voltage is a potential difference 

Also, voltage drop of the resistance 52, the base-emit- between the output terminal 79 connected to a first 

ter. voltage Vbes of the transistor 57 and the base-emit- terminal of the resistance 71 and the output terminal 78 

ter voltage Vbes of the transistor 61 together lead the connected to tiie power source 11 

following formula: An operation of the reference voltage source is simi- 

■ . lar. to, the reference, voltage source, shown m FIG; 15: 
Vrtf=>YBEh+VBEs+h'R5i (42),^ The reference Voltage source is used as the reference 

KT _ - , . ■ . , . , voltage source 18 shown in FIG. 11 which develops 

vn^^v v atIOnS >%5** *^ b f~ mtter volUge based upon the potential at the power source 

voltages V B e\,Vbei,Vbea, and Vbes of the transistors 11, for example 

55, 57, 60 and 61 so as to satisfy the following formulae a c i, ae ujl a^^u^a a- * 

the relations of to J^^£S^ 

the relation of the foUowmg formula: ' ^ . vention, a semiconductor device , having a stress trans, 

' : ducermcludes a reference voltage source formed on the 

VsEi+VBEi=yBm+ Vbes ' (43) Sfiime substrate with a stress transducer for developing 

reference voltage having a temperature coefficint 

Generally, since the base-emitter voltage Vbe of the which compensates a temperature coefficint of sehsitiv- 
transistor is given by the formula (34), the base-emitter 25 itv P f the stress transducer, and a voltage transducer 
voltages Vbe\ and Vbei of the transistors 55 and 56 can : having its output terminal connected to a voltage input 
be given by the formulas (35) and (36), assuming that terminal of the stress transducer and receiving the refer- 
the saturation current of the transistor 55 is 1st while the ence voltage for outputting the resultant reference volt- 
saturation current of the transistor 56 is I52. The formu- age transduced voltage as drive voltage to the stress 
las (35) and (36) and the formula (30) together lead the 30 transducer, where the reference voltage source corn- 
formula (37). pensates a temperature coefficient of ^sensitivity of the 

The saturation: current Is of the transistor is in pro- stress transducer while the voltage transducer adjust a 
portion to an emitter area of the' transistor, and there- drive voltage so as to correct variations in sensitivity of 
fore, assuming that an : emitter areas^ratio of the transis. several stress transducers, and therefore, for example, 
tor 55 to the transistor 56 is hn, the relation of Isu 35 conventional difficult work of keeping a temperature 

•fenESJ^^ oocffidlIt of resistance of. wMchthe stress . 

transducer is comprised m ac^ 
2^L^ coefficmt of.a^ resistance coefficient cau be ex- 

J^tSSSA^ f0F * fonnUla m * 40 S£e^ 

. < * ♦ : : - w fabricated.: The drive voltage compensates itself, for 

example, constant current which conventionaUyjectina 
, j. v (44) bridge circuit no longer required, and therefore, a resis- 

\Vnp=Yuk +' Vbes + x*^^- x inf « x —r J • tance of a.small temperature coefficint to make the 

53 9 * 53 ^ 1 ■■ constant current is no longer requked. Consequently, 

. ; . • ■ . for example, semiconductor device having a stress 

TTiebase^ttervoltegesofthetrans^ transducer can be formed of diffusion resistances alone 

expressed byiirst and second terms in the formula (44) the rior ^ where d j SMxm resistances and thin. 

Zr^r^/^f Y^ to W a negative ^ mistmtcs ] m recniired, the semiconductor device 

Further, it can be found that comparing the formula ^^ strate .and further, ^ 

.(40) with.theformulaX44) > .th^ "SfiSf * ^ -k^ • 

ceeds in making an absolute value of the negative tern- , r - a ^ ^ desci *ed m 

perature coefficient larger than the circuit in FIG. 15. foregoing description is m all aspects illustra- 

• Another band ^p reference voltage source shown in 55 tiye and not restrictive; It is therefore understood that 

FIG. 17. is a reference voltage source which 1 develops n^erous .modmcatioris .and. variations can be devised 

yoltage based r upon a potential at a power source. In without departing from the scope of the invention. 

FIG. 17, the refencevoltage source includes resistances . I claim: 

70 through 74, pnp • bipolar transistors 75 through 77, .: ^ A semiconductor device comprising: 

and output terminals 78 and 79. The ! resistance 70 has its 66 a substrate; 

first terminal grounded and its second terminal con- a stress transducer formed on said substrate and hav- 

nected to first terminals "of the resistances 71 through 73. ing first voltage input terminal for transducing 

A current source consist of the resistance 70 and the stress into an electric signal by a drive voltage - 

power source 11. A second terminal of the resistance 71 applied to said first yoltage input terminal and by a . 

is connected to a collector, and a base of the transistor 65 piezo. resistance effect; . 

75. . The transistor 75 has its emitter connected to the a reference voltage, source formed on said substrate 

power source 11. The resistance 72 has its second.termi- for developing a reference voltage having a posi- . 

nal . connected to a collector of the transistor 76. The tive temperature coefficient which compensates a 
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temperature coefficient of a sensitivity of said stress 
transducer; and 

a voltage transducer connected between said first 
voltage input terminal of said stress transducer and 
said reference voltage source, for receiving and 5 
transducing said reference voltage to produce said 
drive voltage which is applied to said stress trans- 
ducer, wherein said substrate includes an element 
for developing stress in accordance with external- 
ly-applied pressure, and said stress transducer in- 10 
eludes an electrical bridge circuit which is acti- 
vated by said drive voltage and which is comprised 
of voltage dropping means which is formed on said 
element of said substrate and exhibits said piezo 
resistance effect, and wherein said reference volt- 15 
age source includes: 

a current source having first and second terminals; 

a first node connected to said first terminal of said 
current source; 

a second node connected to said second terminal of 20 
said current source; 

first, second and third voltage dropping means hav- 
ing respective first terminals thereof connected to 
said first node; 

a first bipolar transistor having a first electrode 25 
thereof connected to a second terminal of said first 
voltage dropping means, a second electrode 
thereof connected to said second node, and a con- 
trol electrode thereof connected to said first or 
second electrode thereof; 30 

a second bipolar transistor having a first electrode 
thereof connected to a second terminal of said 
second voltage dropping means, and a control elec- 
trode thereof connected to said control electrode 
of said first bipolar transistor; 35 

fourth voltage dropping means having a first terminal 
thereof connected to a second electrode of said 
second bipolar transistor and a second terminal 
thereof connected to said second node; and 

a third bipolar transistor having a first electrode 40 
thereof connected to a second terminal of said third 
voltage dropping means, a control electrode 
thereof connected to said first electrode of said 
second bipolar transistor, and a second electrode 
thereof connected to said second node, wherein a 45 
potential difference between said first node and 
said second node is equal to said reference voltage. 

2. A semiconductor device according to claim 1, 
wherein said voltage dropping means of said electrical 
bridge circuit comprises a diffusion resistance formed 50 
by diffusing impurities into a semiconductor. 

3. A semiconductor device according to claim 1, 
wherein said electrical bridge circuit includes a first 
node connected to said first voltage input terminal; 

a second node to which a predetermined voltage is 55 
applied; 

first voltage dropping means having a first terminal 
thereof connected to said first node, and exhibiting 
a piezo resistance effect; 

second voltage dropping means having a first termi- 60 
nal thereof connected to said first node, and exhib- 
iting a piezo resistance effect; 

a third node connected to a second terminal of said 
first voltage dropping means; 

a fourth node connected to a second terminal of said 65 
second voltage dropping means; 

third voltage dropping means having a first terminal 
thereof connected to said third node and a second 
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terminal thereof connected to said second node, 
and exhibiting a piezo resistance effect; and 
fourth voltage dropping means having a first terminal 
thereof connected to said fourth node and a second 
terminal thereof connected to said second node, 
and exhibiting a piezo resistance effect, wherein a 
potential difference between said third node and 
said fourth node is utilized for detecting stress. 

4. A semiconductor device comprising: 
a substrate; 

a stress transducer formed on said substrate and hav- 
ing a first voltage input terminal, for transducing 
stress into an electric signal by a drive voltage 
applied to said first voltage input terminal and by a 
piezo resistance effect; 

a reference voltage source formed on said substrate 
for developing a reference voltage having a posi- 
tive temperature coefficient which compensates a 
temperature coefficient of a sensitivity of said stress 
transducer; and 

a voltage transducer connected between said first 
voltage input terminal of said stress transducer and 
said reference voltage source, for receiving and 
transducing said reference voltage to produce said 
drive voltage which is applied to said stress trans- 
ducer, Wherein said substrate includes an element 
for developing stress in accordance with external- 
ly-applied pressure, and said stress transducer in- 
cludes an electrical bridge circuit which is acti- 
vated by said drive voltage and which is comprised 
of voltage dropping means which is formed on said 
element of said substrate and exhibits said piezo 
resistance effect, and wherein said reference volt- 
age source includes a current source having first 
and second tenninals, and. at least one constant 
voltage diode having a positive temperature coeffi- 
cient, said at least one constant voltage diode being 
connected in series between said first and second 
terminals of said current source in a reverse direc- 
tion. 

5. A semiconductor device according to claim 4, 
wherein said reference voltage source includes at least 
one diode having a negative temperature coefficient, 
said at least one diode being connected in series between 
said first and second terminals of said current source in 
a forward direction. 

6. A semiconductor device comprising: 
a substrate; 

a stress transducer formed on said substrate and hav- 
ing a first voltage input terrninal, for transducing 
stress into an electric signal by a drive voltage 
applied to said first voltage input terminal and by a 
piezo resistance effect, and a second voltage input 
terminal for receiving a second voltage which is 
smaller in magnitude than said drive voltage; 

a reference voltage source formed on said substrate 
for developing a reference voltage having a posi- 
tive temperature coefficient which compensates a 
temperature coefficient of a sensitivity of said stress 
transducer; and 

a voltage transducer connected between said first 
voltage input tenninal of said stress transducer and 
said reference voltage source, for receiving and 
transducing said reference voltage to produce said 
drive voltage which is applied to said stress trans- 
ducer, wherein said substrate includes an element 
for developing stress in accordance with external- 
ly-applied pressure, and said stress transducer in- 
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eludes an electrical bridge circuit which is acti- 
vated by a differential voltage between said second ■ 
: voltage and said, drive voltage, said bridge circuit ; 
: being comprised of voltage dropping means which 
is formed on said 'element, of said substrate and 5 
. exhibits said piezo resistance effect, and 
wherein said reference voltage source, includes: 

a current source having;first and second ^ terminals; , 
. a first node connected to. said first terminal of said. 

current source; ; . ,10 . 

: a second node connected to said second terminal of 
said- current source; 
first, second and third voltage dropping means hav- 
-„ ing respective first tenninals thereof connected to 

said first node; • 15 
a . first bipolar transistor having a first electrode : 

thereof connect; to a s^ 
- voltoge dropping meansi a second electrode 
thereof connected to said second node, and a con- 
trol electrode thereof connected to said .first or 20 
second electrode thereof; 
: a second bipolar transistor having a first electrode 
thereof connected to a second terminal of said 
second voltage dropping means, and a control elec- 
. trode thereof connected to said control electrode 25 

of said first bipolar transistor; 
fourth voltage dropping means having a first terminal 
thereof connected to a second electrode of said 
second bipolar transistor and a second terminal 
thereof connected to said second node; and 30 
a third bipolar transistor having a first electrode ; 
thereof connected to a second . terminal of said third, 
voltage dropping means a control electrode thereof /■ 
connected to said first electrode of said second 
bipolar transistor, and a second electrode thereof 35 
: connected to said second node, wherein a potential 
difference .between said :first node and said second : 
node is equal to said reference voltage. ,.. 
* 7. A semiconductor device according to; claim 6, 
wherein said voltage dropping means of said electrical 40 
bridge circuit comprises a diffusion resistance formed : 
by diffusing impurities into a semiconductor. 
8. A semiconductor device comprising: 
a substrate; 

a stress transducer formed on said substrate and hav- 45 
1 ing a first voltage input terminal, for transducing 
stress into an electric signal by a drive voltage 
applied to sakLfirst voltage, mput terminal and by 
piezo resistance effect; 
[ a reference voltage source formed on said substrate 50 
for developing a reference voltage having a nega- - 
tive temperature coefficient which compensates a 
temperature coefficient of a sensitivity of said stress. 
. transducer; 

a second voltage input -terrrimal for; receiving a seo; 55 
ond voltage -which is larger in magnitude than said 
drive voltage; and [- 

a voltage transducer connected, between said first 
voltage input terminal of said stress transducer and 
said reference voltage source, for receiving and 60 
transducing said reference voltage to produce said 
drive voltage which is applied to said stress trans- 

: ducer, wherein said substrate includes an element 
for developing stress in accordance, with external- .. 
ly-applied. pressure, and said stress transducer in- 65 
eludes an electrical bridge circuit which , is acti- 
vated by a differential voltage between said second 
voltage and said drive voltage, :said bridge circuit 
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being comprised of voltage dropping means which 
is formed on said element of said substrate and 
exhibits a piezo resistance; effect . • 

9. A semiconductor device according to claim 8, 
wherein said reference voltage source includes a cur- 
rent source. having first and second terminals, and at 
least one constant voltage diode having a negative tem- 
perature coefficient* said constant voltage diode being 
connected in series between, said first and second termi- 
nals of said current source in a reverse direction. 

10. A semiconductor device according to claim 8, 
wherein said, reference voltage source includes a cur- 
rent source having first and second terminals,, and at 
least one diode having, a negative temperature coeffici- 
ent, said diode being connected in series between said 
first and second terminals of said current /source in a 
forward direction. 

11; A semiconductor device according to claim 8, 
wherein said: reference voltage source includes: 

a current source having first and second terminals; 1 

a first node connected to said first terminal of said 
current source; 

a second node connected to said second terminal of 
said current source; 

first, second, and third voltage dropping means. hav- 
mg. respective first terminals thereof connected to 
said first node; 

a first bipolar transistor haying a first electrode 
thereof connected to a second terminal of said first 
voltage dropping . means, a second electrode 
thereof connected to said second node, and a con- 
trol electrode thereof connected to said first or 
second electrode thereof; 

a second bipolar transistor having a first electrode 
thereof connected to a second terminal, of said 
second voltage dropping means* and a control elec- 
trode thereof connected to said control electrode 
of said first bipolar transistor; . 

fourth; voltage dropping means having a first terminal 
thereof connected to a second electrode of said 
second bipolar transistor and a second terminal 
thereof connected to said second node; and 

a third bipolar transistor having a first electrode 
thereof connected to a second terminal of said third 
voltage . dropping means, a control electrode 
thereof connected to said first electrode, of said 
second bipolar transistor, and a second electrode 
thereof connected to said second node, wherein a 
potential difference between said first node and 
said second node is equal to said reference Voltage. 

12. A semiconductor device according to claim 8, 
wherein said reference voltage source includes: 

a current source having first and second' terminals; 

a first node connected to. said first terminal , of said, 
current source; 

a second node connected to said second terminal of 
said current source; 

first, secpnd and third voltage dropping means hav- 
ing respective first ; terminals thereof connected to 
said first node; . 

a first bipolar transistor having a first electrode 
thereof connected to a second terminal of said first 
voltage dropping means, and a control electrode 
thereof connected to said first electrode thereof or 
to . a second electrode thereof; . 

a second bipolar transistor having a first electrode ; 
thereof connected to said second electrode of said 

; . first bipolar transistor, a second electrode thereof 
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connected to said second node, and a control elec- a voltage transducer connected between said first 

trode thereof connected to said first or second. voltage input terminal of said stress transducer and 

electrode of said second bipolar transistor; said reference voltage source, for receiving and 

a third bipolar transistor having a first electrode transducing said reference voltage to produce said 
thereof connected to a second terminal of said 5 drive voltage which is applied to said stress trans- 
second voltage dropping means, and a control elec- ducer, said voltage transducer including first volt- 
trode thereof connected to said first electrode of age dropping means having a variable resistance 
said third bipolar transistor or to a second elec- value and a first terminal to which a predetermined 
trode thereof; voltage is applied, an operational amplifier having 

a fourth bipolar transistor having a first electrode 10 a non-inversion input terminal for receiving an 

thereof connected to said second electrode of said output from said reference voltage source and an 

third bipolar transistor, and a control electrode inversion input terminal connected to a second 

thereof connected to said control electrode of said terminal of said first voltage dropping means, and a 

second bipolar transistor, second voltage dropping means having a first ter- 

fourth voltage dropping means having a first terminal 15 thereof connected to an output terminal of 

thereof connected to a second electrode of said ^ oper ational amplifier and a second terminal 

fourth bipolar transistor, and a second terminal thereof connected to said inversion input terminal 

hereof connected to said second node; and of said operational amplifier, resistance values of 

a fifth bipolar transistor having a first ekctoode ^ first ^ volta ^ ^ me ans each 

thereof connected to a second terminal of saidUnrd 20 ^ m identica] temperature coefficient and 

voltage dropping means, ■ i conttol electrode ^ *^ volta being output from said output 

toeof connec^ to said first electrode of said terminal ofsaid ^plifier, wherein said 

^tLr^^T^^^H f£ ^TnH ,s * accordance with externally-appHed pressure, 
potential difference between said first node and 25 d ^ d transducer includes an electrical 

said second node is equal to said reference voltage. T~. . . "T™ . T , . , 

13. A semiconductor device according to claim 8, bnd * e ™t which is comprised of voltage drop- 
wherein said electrical bridge circuit includes: ^ means ^ c ^ ormed on ^ d elemen J of 531(1 

a first node connected to said first voltage input ter- substrate and exhibrts a piezo resistance effect. 

mfaal . 30 16. A semiconductor device according to claim 15, 

first voltage dropping means having a first terminal wberem ^ volta 8 e means includes: 

thereof connected to said first node, and exhibiting a non-volatile memory; 

a piezo resistance effect; a resistance; and .... 

second voltage dropping means having a first termi- a swrtdung element connected m series to said resis- 
nal thereof connected to said first node, and exhib- 35 m accordance with information stored in said 

iting a piezo resistance effect; nonvolatile memory so that a resistance value of 

a second node connected to a second terminal of said ^ ^ volta 6 e topping means may be varied in 

first voltage dropping means; accordance with said information stored in said 

a third node connected to a second terminal of said non-volatile memory, 

second voltage dropping means; 40 11 * A semiconductor device according to claim 15, 

third voltage dropping means having a first terminal wherein said voltage dropping means of said electrical 
thereof connected to said second node, and exhibit- bridge circuit comprises a diffusion resistance formed 
ing a piezo resistance effect; by diffusing impurities into a semiconductor. 

fourth voltage dropping means having a first terminal 18 - A semiconductor device according to claim 15, 
thereof connected to said third node, and exhibit- 45 wherein said first voltage dropping means includes a 
ing a piezo resistance effect; and resistance and a fuse connected in series to said resis- 

a fourth node connected to second terminals of said tance, said fuse being selectively broken so as to vary a 
third and fourth voltage dropping means and fur- resistance value of said first voltage dropping means, 
ther connected to said second voltage input termi- 19. A semiconductor device according to claim 18, 
nal, wherein a potential difference between said 50 wherein said fuse is selectively broken by a laser, 
second node and said third node is utilized for 20- A semiconductor device according to claim 15, 
detecting stress. wherein said first voltage dropping means includes a 

14. A semiconductor device according to claim 8, resistance and a diode connected in parallel with said 
wherem said voltage dropping means of said electrical resistance so as to receive a reverse voltage, said diode 
bridge circuit comprises a diffusion resistance formed 55 being selectively short-circuited so as to vary a resis- 
by diffusing impurities into a semiconductor. tance value of said first voltage dropping means. 

15. A semiconductor device comprising: 21 A semiconductor device according to claim 20, 
a substrate; wherem said reverse voltage is applied to said diode so 
a stress transducer formed on said substrate and hav- as to cause current to flow therein and brake said diode 

ing a first voltage input tennmal, for transducing 60 so that a short region is formed in a pn junction of said 
stress into 1 an electric signal by a drive voltage diode to short-circuit said diode, 
applied to said voltage input terminal and by a 22. A semiconductor device comprising: 
piezo resistance effect; a substrate; 

a reference voltage source formed on said substrate a stress transducer formed on said substrate and hav- 
for developing a reference voltage having a tern- 65 ing a first voltage input terminal, for transducing 
perature coefficient which compensates a tempera- stress into an electric signal by a drive voltage 

ture coefficient of a sensitivity of said stress trans- applied to said first voltage input terminal and by 

ducer; and piezo resistance effect; 
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a reference voltage source formed on said substrate 
for developing, a reference voltage having a tem- 
perature; coefficient which compensates a tempera- 
ture coefficient of a sensitivity of said stress trans- 
ducer; and . t 

a voltage transducer connected in series between said 
first voltage input terminal of said stress transducer 
and said reference voltage ^source, for receiving 

. and transducing said reference voltage to produce 
said drive voltage, which is applied to said stress 

' transducer, . said voltage transducer including a" 
non-volatile memory, a digital-to-analog converter 
for receiving an output from said reference voltage 
source at an input terminal thereof and. transducing 
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said reference voltage in accordance with informa- 
tion stored in said non-volatile memory, and a volt- 
age follower circuit, having ah input '.terminal 
thereof, connected to an output terminal of said 
digital to analog converter, for applying said drive 
voltage io said stress transducer^ wherein said sub- 
strate includes an element for developing stress in 
[ accordance with externally-applied pressure, and 
said stress transducer includes an electrical bridge 
circuit which is comprised of voltage dropping 
means which is formed on said element of said 
substrate and exhibits a piezo resistance, effect 
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